The trouble with neutrinoless double beta decay is not its non-observation up to the present time: the trouble is caused by the misinterpretation of this negative result. We show that the existence of heavy Majorana neutrinos in the TeV mass range is not precluded by present evidence.
Possible Detection of TeV Neutrinos at High Energies
There has been a persistent interest in the possibility that heavy right-handed singlet states may be found to be at the basis of the peculiar role the observed three neutrinos play in our Standard Model: their unobservably small mass makes them appear in one helicity state only, and does not permit us to write a mass term of either the Dirac or the Majorana variety for them with any assurance of being correct.
One elegant solution to the problem of nding a scenario that motivates the observed neutrino properties would involve the existence of heavy right-handed Majorana neutrino singlets, N. 1?3 These would be expected to have masses at or above the energy scale where U 1 (B-L) breaks down in the SO(10) decay chain, which would occur at about 1 TeV. In the so-called \minimum mass-generating case", the light neutrino masses can be very small, even vanishing.
It turns out that by the exchange of these neutrino states in the t or u channels, sizeable cross-sections can be expected for the processes (1) that may be realized at the requisite energies, m W < p s < m N , where the latter is the mass of the heavy singlet neutrinos. Both processes need left-handed incoming lepton beams, and have very distinctive nal states that should be easily recognized above Standard Model backgrounds. 4;5 The cross section that can be investigated at the Linear Electron Collider or the muon collider 6 presently under study is 
with`= e; . The relevant graphs are shown in Fig. 1 . The simple fact that the sizeable cross section which, for the energy and beam luminosity parameters of the NLC and the Muon Collider leads to hefty signals, 3 can be switched o by a reversal of incoming beam polarization, makes the project even more attractive. Note that, for the muon collider, there is no easy switching of beam helicities. 7 
Implications of Non-observation of Neutrinoless Double Beta Decay
The search for the appropriate eld-theoretical description of our observed neutrinos has concentrated on neutrinoless double beta decay, where two electrons emerge from the parent nucleus with a line spectrum for their added energies. The standard theoretical treatment of this process 8;9 involves the formulation of a Lagrangean density that has a hadronic matrix element and a leptonic term: the standard couplings are modulated by the U` matrix elements on which we have limits. The hadronic currents have to heed both the (shell-model) nuclear con gurations that can connect the (Z; A) nucleus and the (Z ? 2; A) daughter, and the quark currents that permit any d quark from a neutron in the parent nucleus to exchange a neutrino with another d quark in another neutron. This exchange is mediated, as Fig. 2 shows, by two W bosons that decay into` ;`N. The Majorana neutrino is exchanged in the t-or u-channels.
The crucial element in this calculation is the entry into the leptonic matrix element of the product P = qm ;N q 2 + m 2 ;N :
For light neutrinos with m q 2 ; P = m =q; for heavy ones, M N q 2 , and the product changes into P = q=m N . 0 decay rates therefore increase with light Majorana neutrino masses, but decrease inversely to heavy ones. This has been accepted as the main mass dependence of decay rates. A look at the hadronic (5) there is a crucial hidden mass dependence imposed by the short range of heavyneutrino exchange. 10 While we have no trouble evaluating the leptonic matrix element, the color singlet currents J AV have to be evaluated on the quark level, inside the nuclear environment. This has to be done on three levels { keeping track of nucleus{ nucleus, nucleon{nucleon, and quark{quark constraints. The nuclear level has been thoroughly investigated, but since it has predictions that apply to double beta decay both with and without neutrino emission, the recent observations of the rst on a level quite di erent from the calculated values, have forced a \rescaling" of these estimates. 11 To take the nucleon{nucleon constraints into account, the nucleon matrix element is assigned a form factor of the form The quark-level interaction itself that turns two d quarks into two u quarks, nally, is evaluated in terms of renormalization constants for the appropriate currents, involving form factors based simply on the assumed spherical or bag-model quark wave functions. 12 Now here is the root of the \trouble" I want to stress: While it is acceptable to factor appropriate shell-model calculations into this picture, the renormalization constants apply to two quarks in one nucleon, and are therefore completely irrelevant for the case at hand: a look at Fig. 2 reminds us that neutrinoless double beta decay involves the interaction at very close distances (of order < 1=m W ) of two d quarks from two di erent neutrons that makes two u quarks and places them into two protons. This involves four-quark correlations subject to entirely di erent constraints.
A relevant explicit formulation of the ensuing hadronic matrix elements is not helped by the form factors eq. (6), which are of a dipole form and refer to a median quark matter distribution in the nucleon. This is again irrelevant to the case at hand here: F(q 2 ) = F(r 12 ) treats the nucleon as though its properties were de ned w.r.t. its center-of-mass; but our interest is limited to one d quark from one neutron as it approaches another d quark in another neutron { so that, for the case at hand, a constant form factor F(q 2 ) = 1 would be acceptable.
The principal di culty is that the two misconceptions above have to be replaced by a formulation for the hadronic interaction that takes the short-range e ects of the color forces into account: d quarks approaching d quarks in another nucleon have to penetrate the color Coulomb barrier (see Fig. 3 ). P. Minkowski and the author estimated the penetration factor in the 6 (SU3 C ) con guration { the 3 con guration is Pauli forbidden. Also, the interaction has to occur in a singlet spin con guration. Finally, there is the collective e ect of the color-saturated SU3 C singlet neutrons resisting the pull of the individual d quarks that may want to interact with their homologues in another neutron of the mother nucleus, loosely illustrated in Fig. 4 .
The color penetration factor is most reasonably approached with a WeizsaeckerWilliams method, setting the relative distance r 12 ! 0. The resulting numerical factors 13;14 are 2/3 from the 6 (SU3 C ) requirement, 1/3 from the barrier penetration, 1/9 from the color singlet restoring force, for a total of 1/40 { very conservatively estimated. The undisputed experimental constraints on the mixing element U eN from rare 
Conclusions
As we tried to demonstrate, the trouble with taking the non-observation of neutrinoless double beta decay as evidence against the possible observation of processes clearly mediated by heavy Majorana singlet neutrinos is threefold: the basic graph (Fig. 2) for the beta decay process includes two hadronic vertices absent in Fig. 1 . Furthermore, it has to be evaluated in the presence of constraints inherent in Figs. 5a and 5b.
In the case of light neutrino mediation, double beta decay can evade the constraints on the hadronic matrix element that are due to the very highly localized interaction imposed by the W and N M exchanged masses; but for the case of interest for future collider work, it is sheer nonsense to refer to process (1) as \inverse neutrinoless double beta decay" in a literal sense. 16 To make the point more sharply, a proper way to look into the inverse of the presently best studied decay process 72 Ge ! 72 Se e ? e ? would have to involve a search for the formation process e ? e ? 72 Se ! 72 Ge.
As a result, we can con dently expect to nd the search for W ? W ? production in left-handed e ? e ? or ? ? collisions at energies in the TeV region to be one of 
